To estimate the likelihood of trauma center admission for injured elderly patients with trauma, determine trends in trauma center admissions, and identify factors associated with trauma center use for elderly patients with trauma.
A S THE US POPULATION AGES, elderly persons account for an increasing number of trauma patients. Morbidity and mortality from traumatic injury are higher in elderly patients compared with younger patients. 1, 2 It is well known that the care found in trauma centers benefits appropriately triaged patients [3] [4] [5] [6] and is reserved for the most severely injured patients. 7 Early studies suggest that elderly patients may be less likely to be admitted to a trauma center after an injury than are younger patients. 8, 9 Decreased referral to trauma centers may be related to a lack of referral centers, but elderly patients would not be affected disproportionately if this were the case. Alternatively, decreased referral may result because standard trauma triage criteria are inappropriate or less accurate in older patients. [10] [11] [12] [13] [14] Few population-based data describe the public health effect of trauma in elderly patients or how often elderly patients receive care at a trauma center. Existing studies are either single-site studies or do not account for system-level factors known to influence likelihood of admission to a trauma center, specifically proximity to a trauma center and trauma center availability within county of residence. Trends of longer life spans and an aging baby boomer population forecast a doubling of older American adults to 71 million in the next 25 years (20% of the US population). It is therefore critical to understand current trends in the care of injured elderly patients. 15 We analyzed data from the state of California to determine the likelihood of admission to a trauma center for injured elderly persons after adjusting for patient risk factors and hospital and system-level factors. Different trauma types have different prognoses that could account for differences in admission rates, so we also considered likelihood of admission to trauma center in these groups by injury type (blunt injury, penetrating injury, and falls) and injury severity. We hypothesized that differences in likelihood of admission might be explained by these factors. Finally, we calculated the risks of death associated with admission to a nontrauma center vs a trauma center.
METHODS

STUDY DESIGN AND DATA SOURCES
Our study was a retrospective analysis of adults (age, Ͼ18 years) hospitalized for trauma at acute care hospitals in California between January 1, 1999, and December 31, 2008. We combined and analyzed data from 3 separate data sets focusing on the state of California. The California Office of Statewide Planning and Development (OSHPD) patient discharge database contains discharge records from all nonfederal, licensed California hospitals, which are mandated to report all hospitalizations. Demographic variables include patient age, sex, zip code, and county of residence, International Classification of Diseases Ninth Revision (ICD-9) codes for principal diagnosis and up to 24 other diagnoses, as well as disposition variables. 16 We identified which hospitals in our OSHPD patient-level data were level I or II trauma centers from the California Department of Health trauma center database. 17 Because trauma center designation could change from one year to another, we assigned trauma center designation according to the patient's date of admission and hospital identifiers. We then linked the 2000 US census zip-code level income information to our study data set.
SUBJECTS
We selected adult patients admitted for traumatic injury using previously published criteria, defined by the principal or secondary diagnosis ICD-9 codes of 800-904.9, 910-929.9, and 950-959.9. 18 To focus on acute trauma, we used an algorithm from previously published work [19] [20] [21] and excluded patients without external causes of injury codes (E codes), with scheduled admissions, or admitted for late effects of injury. Patients with ICD-9 codes for drowning, bites and stings, overexertion, poisonings or suffocation and patients whose sole ICD-9 codes indicative of injury were minor injuries (eg, sprains and strains, contusion with intact skin surface, or foreign body) were also excluded. Patients in California who have burns are often cared for at regional burn centers, so we also excluded patients whose principal diagnosis indicated a burn. Finally, because hip fractures are extremely common among the elderly and may not require all trauma center services, we excluded patients with closed hip fractures using prespecified ICD-9 codes. 22, 23 
PREDICTOR VARIABLES
We used 2 separate predictors to represent elderly patients in our study because there are few clear definitions of "elderly" in relationship to trauma. The first was a dichotomous variable using 65 years of age as a cutoff. 25, 26 We also constructed a categorical variable representing a series of standard age groupings 27 : 18-25 years, 26-45 years, 46-65 years, 66-85 years, and older than 85 years. This latter construction allowed us to examine whether associations were more or less powerful in standardized age groups. [25] [26] [27] [28] [29] 
ADJUSTMENT VARIABLES
Severity and Mechanism of Injury
Injury Severity Scores (ISSs) were calculated for patients using an International Classification of Diseases, Ninth Revision, Clinical Modification translation of the ISSs by Tri-Analytics (Bel Air, Maryland) using the "ignore unknowns" and "low severity" mapping options. 30 If an ISS could not be computed, the patient was excluded. The ISS was then stratified into mild (ISS, 1-4), moderate (ISS, 5-15), and severe (ISS, Ͼ15) categories as suggested by MacKenzie et al. 31 The mechanism of injury was determined from the principal ICD-9 code and from the E code, using the recommended framework for E-code groupings for injury mortality and morbidity from the Centers for Disease Control and Prevention.
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Comorbidity
Because elderly patients likely have comorbidities that affect their overall prognosis, we calculated the Elixhauser Index, described and validated elsewhere in the literature, 32 for each patient.
Proximity to a Trauma Center
Whether a trauma center was located in a patient's county of residence was determined by comparing the patient's resident zip code to a list of zip codes for counties with a trauma centerdesignated hospital. We performed this analysis for each year because the designation of trauma center for a hospital can change over time. The geographic proximity of the patient's residence to a trauma center was calculated in miles (to convert miles to kilometers, multiply by 1.6) as the shortest distance between the centroid of the patient's zip code and the centroid of the nearest trauma center zip code, according to the method of Phibbs and Luft. 33 Distance categories were chosen based on previous studies.
19,20
Socioeconomic Measures
Insurance status was known from the medical record of each visit and was categorized into 5 categories: Medicare, Medicaid, private, uninsured or self-pay, and other. Household income was determined using the median household income for the pa-tient's resident zip code, and 3 strata were created based on multiples of the 2000 federal poverty level or $18 850. Income strata were set according to previous literature 20 : (1) below 2 times the federal poverty level, (2) 2 to 3 times the federal poverty level, and (4) above 3 times the federal poverty level.
PRIMARY DATA ANALYSES
We first characterized our sample using univariable techniques and then compared age groups using bivariable methods, to compare the relative likelihood of receiving trauma center care as stratified by age. We then performed multivariable logistic regression analyses using an a priori selection model to assess the factors influencing the probability that patients received care at a trauma center. The demographic factors that were analyzed for inclusion in the regression model were age, sex, race/ethnicity, and insurance type. Injury characteristics in the model included injury severity (mild, moderate, or severe), type of injury (penetrating injury, blunt injury, or fall), and Elixhauser Index. System variables included proximity to trauma hospital (0-10 miles, 11-25 miles, 26-50 miles, or Ͼ50 miles), availability of trauma center in the county, and metropolitan statistical area status (urban or rural).
For our mortality predictions, we accounted for observable differences between our 2 groups of patients (those treated at trauma centers and those treated at nontrauma centers) using the previously described method of propensity scores or the inverse probability of treatment weighting approach. 31, 34 Briefly, the conditional probability of being admitted to a trauma center is calculated based on the known demographic and clinical characteristics of each patient. The data are weighted according to the reciprocal of this score to create a population in which the likelihood of admission to a trauma center is not confounded by other covariates and the effect of trauma center care reflects that of the original population.
We used SAS version 8.2 (SAS Institute, Cary, North Carolina). This protocol was approved by the institutional review boards for human research at Stanford University and the University of California, San Francisco.
RESULTS
CHARACTERISTICS OF STUDY SUBJECTS
Of the 430 081 patients admitted to California acute care hospitals for trauma-related diagnoses, 27% were older than 65 years. There were several notable differences in characteristics between the 2 groups ( Table 1) . Most trauma patients in the nonelderly group were men (63.0%); however, in the elderly group, this proportion was reversed: 65.2% of elderly trauma patients were women (P Ͻ.001). The nonelderly group had a higher proportion of trauma patients who were black than did the elderly group (7.0% vs 2.1%; PϽ.001). Similarly, there were fewer trauma patients who were white in the nonelderly group compared with the elderly group (32.8% vs 66.4%; PϽ .001).
When patients were stratified by injury severity, there were fewer severely injured elderly patients than nonelderly patients (3.9% vs 7.3%; PϽ.001) but slightly more moderately injured elderly patients than nonelderly patients (41.4% vs 39.3%; PϽ .001). More elderly patients had a higher number of comorbidities. By mechanism, the elderly patients had a disproportionate number of falls ( Figure 1) compared with the nonelderly patients (81.5% vs 28.3; PϽ.001). More than 93% of injuries in those 85 years of age or older are due to falls, compared with 14% in those 18-25 years of age. Distance to trauma center, metropolitan statistical area status, and availability of trauma center within county of residence were similar between groups. However, a much larger percentage of the elderly patients were admitted to nontrauma centers compared with the nonelderly patients (71.1% vs 36.8; P Ͻ.001). A higher proportion of the elderly patients than nonelderly patients (3.9% vs 2.1%; P Ͻ .001) also died in the hospital after admission for their injuries.
LIKELIHOOD OF RECEIVING CARE IN A TRAUMA CENTER VS A NONTRAUMA CENTER
We first constructed bivariate models of the likelihood of an elderly patient (defined first in the binary definition as being older than 65 years of age) vs a nonelderly patient (defined first in the binary definition as being between 18 and 65 years of age) being admitted to a trauma center. With this method, the odds ratio (OR) of an injured elderly patient compared with a nonelderly patient receiving care in a trauma center was 0.23 (95% confidence interval [CI], 0.18-0.29).
The results of our multivariable regression model of older patients as defined by the binary categorization of older or younger than 65 years demonstrated that, even after adjusting for available patient-level risk factors and access to a trauma center, patients older than 65 years still had a dramatically decreased likelihood (OR, 0.53; 95% CI, 0.45-0.63) of being admitted to a trauma center compared with patients 65 years of age or younger.
We then examined the proportion of injured patients admitted to a trauma center by age categories (Figure 2) and saw a linear relationship between age and referral likelihood. Even after controlling for predictors, increasing age showed a profound association with lower likelihood of trauma center referral in the multivariable regression ( Table 2 As a secondary aim, we sought to determine whether these differences in likelihood of admission varied across injury type (blunt injury, penetrating injury, and falls) as well as injury severity, because certain mechanisms or certain levels of severity could trigger more alarm in both the prehospital and in-hospital setting. We found, contrary to our hypothesis, that this pattern of decreased likelihood of receiving care in a trauma center for older patients was unchanged even in the adjusted multivariable analyses when stratified by injury type and severity (Figures 3 and 4) .
SENSITIVITY ANALYSES
Given that protocols of trauma transport may differ across emergency medical services that are county-based in California, we performed additional modeling to include clustering by county. Our results were robust to clustering by county as well as over time. We also performed these analyses to include all levels of trauma centers (ie, levels I-IV) and did not find that this significantly altered our results; older patients did not only have a decreased likelihood of receiving care in level I and II trauma centers. Models to account for interaction of age (considering both binary and ordinal definitions) with injury severity (considering continuous and categorical definitions) did not change our results.
Additionally, we ran stratified analyses of these models by age group to determine whether certain factors were more or less predictive of admission to trauma center. For patients 18-65 years of age, those living within a county with a trauma center had a 6.4 odds (95% CI, 3.1-13.3) of being admitted to a trauma center. For patients older than 65 year, those living within a county with a trauma center had 3.9 odds (95% CI, 2.0-7.6) of being admitted to a trauma center. In other words, the avail- ability of a trauma center in one's county was less beneficial for elderly patients than nonelderly patients.
COMMENT
Elderly patients in California have a lower likelihood of receiving trauma center care, after controlling for injury severity, insurance, income, proximity to a trauma center, and availability of a trauma center within the patient's county. We show not simply a disparity for the oldest patients but rather a proportional decrease in likelihood of receiving trauma center care according to age. This disparity of who receives trauma care persists across a variety of trauma types, from blunt injury, penetrating injury, to falls. Furthermore, the decreased likelihood of trauma care for the elderly is not only present for mild trauma but also, when examined separately, for moderate and severe trauma. Finally, we show that these disparities have continued over time.
Our study confirms findings from smaller studies suggesting that elderly patients are less likely to be admitted to a trauma center for their injuries 9, 13 and extends these findings in 2 significant ways. First, we account for structural factors not usually considered in other studies, including regional availability of trauma centers and proximity to trauma center, which are both known to affect the likelihood of admission to a trauma center. Second, our study provides a truly population-level view of the growing public health problem posed by disparities in access to trauma care. Our data suggest that elderly trauma patients have a lower likelihood of being taken to a trauma center (suggesting prehospital bias) 35 or of being transferred to a trauma center once taken to a nontrauma center (in-hospital bias). 36 Although we have fewer data to discern potential mechanisms underlying referral biases, we do know that the proportion of elderly patients experiencing isolated, low-severity injury has been increasing 20 and that there is agreement that these patients benefit less from trauma care. 7 It is important to note, however, that our methods excluded patients with hip and femur fractures, and that our findings were consistent across all levels of injury severity. In addition, these explanations would not sufficiently explain the consistency of our findings even when evaluating only severely injured patients.
An additional, more insidious, possibility of why elderly patients may have a lower likelihood of receiving care in a trauma care is the conscious or subconscious undertriage of care in the elderly population due to less valuation of years of life lost. There is a very real concern of age-based referral bias and age-based rationing of care, which has been documented in areas other than trauma. [37] [38] [39] Because elderly patients have higher mortality rates from trauma compared with younger patients, it is possible that, as posited in other diseases such as myocardial infarction, 37 more aggressive intervention could theoretically be more beneficial for an older population, as suggested by our findings of decreased in-hospital mortality for hospitalized elderly patients with severe trauma compared with nonelderly patients.
A natural extension of this work would seek to clarify the precise reasons underlying the disparity found in our study. Elderly patients may have unclear or benign initial clinical presentations, leading to undertriage, [40] [41] [42] or a lack of compliance with trauma triage rules may be at play. 12 The American College of Surgeons and the Centers for Disease Control and Prevention have recommended that trauma patients older than 55 years should automatically be taken to a designated trauma center regardless of severity of injury. 43, 44 Other studies 40, 45 have suggested that trauma patients older than 60 years or 70 years should be considered as fulfilling a criterion for automatic trauma activation. However, such broad inclusion criteria would have significant implications for the delivery of care and possible overtriage, 46 given the limited resources available for trauma care. Currently, there is much debate in the emergency and trauma community about inappropriate trauma "activations" (which alert the hospital to the need for trauma resources such as the surgical and anesthesia team) from the field during the prehospital phase, [47] [48] [49] or while in hospital, 50 and unnecessary transfers that deplete the hospital of needed resources and other patients. 51 In fact, studies of centers that do have age as a criterion for automatic trauma activation demonstrate that such regulation can result in unnecessary and costly initiations of a multidisciplinary response. 52 Ironically, overtriage has also been suggested to be detrimental to the patient's health. 53, 54 From previous studies of pediatric patients in which age has been considered a criterion for an automatic trauma response, [55] [56] [57] [58] it has been found that age (specifically young age) may not be an appropriate sole criterion for requiring a higher level of trauma care. There is, however, some literature suggesting a tiered approach to trauma center activation once a patient has reached the emergency department for a range of patient characteristics. 59, 60 Overall, triage protocols and their effects on undertriage and overtriage must be evaluated for all age ranges to study the effects on the primary patient as well as other patients within the hospital and system that account for appropriate resource utilization. [61] [62] [63] Our study has a number of limitations. We captured hospital admissions, which represent only a portion of the patients seen by emergency medical teams. Because patients must be admitted to the hospital to be represented in this database, our data do not include trauma patients discharged from the emergency department who generally have low injury severity and mortality rates 64 or patients who died before admission and who, by definition, have high mortality and likely high injury severity rates. Second, our adjustment for trauma severity was based on administrative data; a full range of clinical variables cannot be taken into account. Although the ISS has been validated for trauma patients in general (predicting both mortality and hospital stay) and correlates with tools using clinical data, it is important to note that ISS is not linear and has not been validated in the subset of geriatric patients. 65, 66 Finally, we use trauma center designations provided by the OSHPD, which does not conform to what many trauma surgeons consider the gold standard of categorization as stated by the American College of Surgeons Committee on Trauma. 67 We were unable to use these categorizations because verification of these centers by the American College of Surgeons began after the period of our study. We do not, however, expect systematically differential reporting or categorization, so it is highly unlikely that this limitation affects our results. In our analysis of elderly trauma patients admitted to acute care hospitals, we have demonstrated that there is a significant correlation between age and the likelihood of admission to a trauma center such that increasing age ominously decreases the likelihood of trauma center admission, even among those with moderate and severe injury. This disparity in the treatment of elderly trauma patients is alarming, because demographic trends forecast that the proportion of injured elderly patients will only increase in the years to come. The elderly patients who are at risk for higher mortality from their injuries may in fact be a subpopulation that is most likely to benefit from more aggressive care. Controlled studies of prehospital triage of elderly patients as well as provider beliefs about trauma triage in elderly patients are important for designing interventions to better target available resources such as trauma centers for injured elderly patients.
